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SYSTEM. METHOD. AND APPARATUS FOR PASSIVE. jVrULTI-SPECTRAL, 
OPTICAL IDENTIFICATION OF REMOTE OBJECTS 



BACKGROUND OF THE INVENTION 

1. Technical Field 

[0001] The present invention relates in general to an improved object identification system 
and, in particular, to an improved system, method, and apparatus for passively identifying 
objects at long range with a multi-spectral, optical signature and detector. 

2. Description of the Related Art 

[0002] Current flight-based, object identification systems are active in that they require the 
objects-to-be-identified to emit an active, trackable signal in order to be identified. 
Typically, radio signals are emitted by the objects in order to identify them. The radio 
signals contain information about who and/or what the objects or equipment are. 
Unfortunately, these signals can be detected by other surveillance systems, including hostile 
systems, which can use the signals to track and destroy the equipment. Although active 
identification systems are workable, a passive system for identifying objects that does not 
require the objects to release any active signals whatsoever would be desirable. 
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SUMMARY OF THE INVENTION 



[0003] One embodiment of a system, method, and apparatus constructed in accordance 
with the present invention, passively identifies objects at large distances by utilizing an 
integrated, two-dimensional pattern, spectral tailoring, and an imaging system. This 
encoded information allows objects of various origin and configuration to be easily and 
rapidly identified by optical means. Such objects may include equipment, aircraft (both 
airborne and grounded), tanks, etc. The present invention is somewhat analogous to a bar 
code in that it also may be used to track supplies, but is invisible to the naked eye. Thus, no 
intuitive knowledge can be gained by observing the information, which is a distinguishing 
feature with respect to low observable materials. The devices used for detecting the marked 
objects may be ground-based, airborne, or even satellite-based, and can track engagements 
of such marked objects in real-time. 

[0004] The present invention uses a tailored reflective surface at a specific wavelength 
band. The material used to form the reflective surface only reflects energy in a very narrow 
wavelength band. For example, the width of the wavelength band may be only one-half 
wavelength. The engineered material may be sprayed on an object like a paint, or adhered 
to the object as a decal or applique, and provides the object with a unique signature. At 
most, the signature appears on the object as a clear decal but is otherwise invisible to the 
human eye. The signature is located on an exterior surface of the object and also may be 
formed in a particular pattern or symbol, such as a star, bars, etc. However, the present 
invention is not limited by the type of symbol used and may use no intentional pattern or 
symbol whatsoever. Configuring the signature in a designated pattern merely broadens the 
use of each wavelength band. The signature is designed to be distinguishable from other 
signatures at a required distance for the resolution capability of a particular detector or 
scanner. Alternatively, the invention may comprise simply identifying different types of 
equipment with different wavelength bands. 

[0005] The objects are scanned by a scanner that can detect the narrow wavelength band of 
each of the signatures on the objects. The wavelength bands are designed such that they do 
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not lie in the threat bands or zones of hostile guided weapons or other detectors. Threat 
bands are loosely defined as any band of electromagnetic energy in which a threat (missile, 
RADAR, etc.) can detect the target (aircraft, tank, etc.). Many different wavelength bands 
are used to distinguish between different types of equipment. The scanning system 
passively records the light emanating from the signature in the specific band, and 
recognizes the signature to discern what the object is based on a database of information. 

[0006] The foregoing and other objects and advantages of the present invention will be 
apparent to those skilled in the art, in view of the following detailed description of the 
preferred embodiment of the present invention, taken in conjunction with the appended 
claims and the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] So that the manner in which the features and advantages of the invention, as well as 
others which will become apparent are attained and can be understood in more detail, more 
particular description of the invention briefly summarized above may be had by reference 
to the embodiment thereof which is illustrated in the appended drawings, which drawings 
form a part of this specification. It is to be noted, however, that the drawings illustrate only 
an embodiment of the invention and therefore are not to be considered limiting of its scope 
as the invention may admit to other equally effective embodiments. 

[0008] Figure 1 is a schematic drawing of one embodiment of a signature constructed in 
accordance with the present invention. 

[0009] Figure 2 is a sectional side view of the signature of Figure 1. 

[0010] Figure 3 is a plot of wavelength band versus reflectance for the signature of Figure 
1. 

[0011] Figure 4 is an alternative plot of wavelength band versus reflectance for the 
signature of Figure 1. 

[0012] Figure 5 is a plot of a wavelength band versus atmospheric transmittance for the 
signature of Figure 1. 

[0013] Figure 6 is a plot of a wavelength band versus spectral radiant exitance for 
blackbody radiation of the signature of Figure 1. 

[0014] Figure 7 is a plot of a wavelength band versus spectral radiant exitance for a hyper- 
spectral design of the signature of Figure 1. 
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[0015] Figure 8 is a plan view of an alternate embodiment of a signature constructed in 
accordance with the present invention. 

[0016] Figure 9 is a schematic, operational diagram of a passive identification system 
constructed in accordance with the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0017] Referring to Figure 1, one embodiment of a signature 101 constructed in 
accordance with the present invention is shown. The signature 101 is part of a system that 
is designed to reflect light, such as infrared light, at very limited wavelengths in order to 
remotely identify an object. 

[00181 Signature 101 comprises a laminate of materials having a substrate 103, such as 
Mylar, and a thin film 105 mounted on a surface of the substrate 103. As shown in Figures 
1 and 2, the thin film 105 may comprise a dielectric, vapor-deposited, multi-layer laminate. 
In the embodiment of Figure 2, the thin film 105 comprises a plurality of layers 107 having 
a high index of refraction that are interleaved with a plurality of layers 109 having a low 
index of refraction. Each of the layers 107, 109 has a thickness of one-quarter wavelength, 
other than a center, high index layer 111, which has a thicloiess of one-half wavelength. 

[0019] The properties and characteristics of the wavelength bands utilized by the present 
invention may be described in several ways. Figure 3 depicts a plot 301 of wavelength 
band versus reflectance for the signature 101 of Figure 1. The value of the reflectance of 
the wavelength band is dependent upon the number of layers 107, 109, 111 in the signature 
101, as described above. As illustrated in Figure 3, the peak reflectance 303 may range 
from 50 to 100% reflectance, as compared to the reflectance 305 of the structure on which 
signature 101 is located, which may only have a value of approximately 10% reflectance. 

[0020] Figure 4 depicts an alternative configuration or plot 401 of wavelength band versus 
reflectance for signature 101. Plot 401 illustrates the effect of the quarter-wave stack 
design of the thin film 105 (Figure 2) on reflectance. As shown in Figure 4, signature may 
be configured with an unusually low reflectance (valley 403) on the order of only one-half 
percent (0.5%) reflectance as compared to the relatively higher reflectance of 
approximately 10% of the structure (see Figure 3) on which signature 101 is located. 
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[0021J Figure 5 depicts a plot 501 of wavelength versus percentage of atmospheric 
transmittance (smoothed) for signature 101. The portion 503 of plot 501 illustrates the 
transmittance of thin film 105. Figure 6 is a plot 601 of a wavelength band versus spectral 
radiant exitance for blackbody radiation of signature 101. The portion 603 of plot 601 
illustrates that the maximum exitance occurs at Xmax * T = 2897 j^m°K (10 |im at 300°K = 
room temperature). 

[0022] Figure 7 depicts a plot 701 of wavelength versus spectral radiant exitance for a 
hyper-spectral design of the signature 101 of Figure 1. The portions 703 of plot 701 
illustrate multiple absorption lines having very narrow, half-wave bandwidths. Prior art 
detectors or sensors, which utilize "band averaging" techniques, are unable to detect these 
very narrowly separated absorption lines. 

[0023] Figure 8 is a plan view of an alternate embodiment of a signature 801 constructed 
in accordance with the present invention. Signature 801 is somewhat analogous to a bar 
code configuration. Although signature 801 is invisible to the naked eye, it can be detected 
and identified remotely at great distances when applied to an exterior surface of an object. 

[0024] Figure 9 is a schemafic, operational diagram of a passive identification system 901 
constructed in accordance with the present invention. The system 901 is designed to 
passively and remotely identify objects 907 with appropriate software. The system 901 
identifies objects such as equipment, airborne aircraft, grounded aircraft, tanks, etc. The 
system 901 is also capable of tracking engagements of the objects and movement of 
supplies to and fi-om the objects in real-time. 

[0025] The system 901 utilizes a series of signatures 909, which may comprise signatures 
101, 801 (described above). The signatures 909 are positioned on exterior surfaces of a 
plurality of the objects 907. In one embodiment, each of the signatures 909 has an encoded, 
two-dimensional, reflective configuration that is spectrally tailored to define a unique 
signature for each of the objects 907. A material used to form the reflective surfaces of the 
signatures 909 only reflects energy in wavelength band widths of approximately one-half 
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wavelength. The signatures 909 may utilize patterns and symbols to further distinguish 
between the objects 907. The signatures 909 may be, for example, painted on the objects 
907, and/or adhered to the objects 907 as appliqu6. The signatures 909 are invisible to the 
naked human eye such that no intuitive knowledge can be gained by human observation of 
the signatures 909. 

[0026] The system 901 also comprises an optical imaging system 903 for remotely and 
passively detecting and decoding the signatures 909 and thereby identifying the objects 907 
based on the signatures 909. A portion of the optical imaging system 903 may utilize 
existing sensors 908, such as those known in the art. The optical imaging system 903 has a 
scanning system 905 that passively records the light, such as infrared light, emanating from 
the signatures 909 in respective, specific wavelength bands. The optical imaging system 
903 recognizes the signatures 909 to discern what the objects 907 are based on a database 
of information in the software. The wavelength bands are encoded to lie outside of threat 
bands of hostile detectors and hostile guided weapons. However, the scanning system 908 
may be positioned remotely at ground-based, airborne, and/or satellite-based positions. 

[0027] The present invention has several advantages, including the ability to passively 
identify objects at large distances by utilizing an integrated, two-dimensional pattem, 
spectral tailoring, and an imaging system. This encoded information allows objects of 
various origin and configuration to be easily and rapidly identified by optical means. The 
present invention also track supplies while remaining invisible to the naked eye so that no 
intuitive knowledge can be gained by observing the information. This feature is 
particularly valuable with respect to low observable materials. Ground-based, airborne, or 
even satellite-based devices can be used to identify and track engagements of objects in 
real-time. 

[0028] A tailored reflective surface at a specific wavelength band is used to identify the 
objects. The material that forms the reflective surface only reflects energy in a very narrow 
wavelength band. The engineered material may be painted on an object or adhered to the 
object as a decal to provide the object with a unique signature. The signature is located on 
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an exterior surface of the object and also may be formed in a particular pattern or symbol, 
such as a star or bars. The signatures are designed to be distinguishable from other 
signatures at great distances, and they do not lie in the threat zones of unauthorized 
detectors. Many different wavelength bands may be used to distinguish between different 
types of equipment. The system uses a database of information to passively record and 
recognize the light emanating from the signatures to discern the objects. 

[0029] While the invention has been shown or described in only some of its forms, it 
should be apparent to those skilled in the art that it is not so limited, but is susceptible to 
various changes without departing from the scope of the invention. 



